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Calorimetry/Muon
topics covered at this meeting

- Electromagnetic calorimetry
- Silicon/tungsten ECal
- Scintillator strip Ecal/HCal
- Scintillator strip Calorimeter in PFA 

- Hadronic calorimetry
- Analog HCal/SiPMs
- W-AHCAL Shower development
- SiPM Gain studies 
- Semi-digital Hcal
- SDHCAL/Arbor PFA

- Beam/Luminosity calorimetry
- Radiation damage studies
- LumiCal beam tests
- Ultra compact LumiCal

- Dual readout calorimetry ADRIANO
- ADRIANO Performance

- Scintillator-based muon system



SiW ECal (CALICE)

New Front 
end board – 4 
FEB to be 
tested now at 
SPS

Next:  2016+ 
“Final” prototype test 500µm 

sensor 
tested -

Square -> hexagonal pixels

New idea –
position 
sensitive 
detector

T. Suehara



Strip Scintillator ECal and HCal T. Takeshita

5mmx45mm strips direct 
MPPC readout

ECal strip

HCal strip

18 cm long strip with 
WLSF read out10K pixel 

MPPC exists!

ScECal status

Tested at CERN



Strip Scintillator CAL in PFA K. Kotera

Issue with twofold 
ambiguities



AHCAL – Technical Prototype

Steel 
prototype

Tungsten 
prototype

K. Kruger

Variety of tiles/SiPMs
tested

Two beam 
periods July, 
August 2015

At CERN

Electron Pion/tungsten

New SiPMs

Power pulsing –
new version of HBU 
-> HBU3



Shower development: CALICE W-AHCAL F. Sefkow, 
E. Sicking



SiPM Gain Studies G. Eigen

Worked in climate chamber at CERN, 
temp stability ~0.2oC

Studies also carried out for:
- Hamamatsu LCT4 (with trenches to suppress xtalk)
- KETEK SiPM W12



Semi Digital HCal M.C Fouz

GRPC

Use of electron beam 
welding



Arbor PFA - SDHCAL E. Remi

Overlaid showers



BeamCal – radiation damage

BeamCal maximum dose ~100 MRad/yr
BeamCal is sizable: ~2 m2 of sensors.
A number of ongoing studies with novel sensors: 
GaAs, Sapphire, SiC
 Are these radiation tolerant?
 Might mainstream Si sensors in fact be 
adequate?

Motivation Results from the SLAC ESTB T-506 Irradiation Study

Sensor 
sample

Have irradiated and several Si sensors to as much as 300 
Mrad, and GaAs to 20 Mrad.
Si sensors show fair charge collection after ~3 years 
irradiation; of order 0.05W/cm2 to bias
GaAs charge loss significant at 6 Mrad and substantial at 
21 Mrad. Significant loss from mild annealing. Explore 
further annealing…
SiC sensor irradiated to 100 Mrad; awaiting I-V and CCE 
study

Dose 
of 90 
Mrad

GaAs

B. Schumm



LumiCal – beam tests A. Levy



Ultra compact LumiCal

Current LumiCal modules are based on 3.5 mm thick PCB 
: compactness is an essential requirement to provide 
small Molière radius/accurate shower position 
reconstruction.

In current LumiCal conceptual design the space between 
absorbers is 1 mm! 

Easy to mount on tungsten planes
Carbon fiber chosen for 

mechanical support

Module 18 tests @ CERN 

Readout 
whole 
sensor 
(256 pads) 
with APV

DESY Test Beam
4 planes with thin sensor scotched on tungsten
FEB : APV chip based
DAQ : SRS system, designed by RD51 
collaboration. 
Silicon telescope : 6 planes with MIMOSA chip

Test beam analysis 
started

Y. Benhammou



Scintillating and Čerenkov light in OPTICALLY 
SEPARATED MEDIA: ->non-homogeneous detector

Use the absorber as Čerenkov component of dual-
readout
Use scintillating fibers for the second component
Control the scintillation/Čerenkov with appropriate 
pitch between fibers

Dual Readout Calorimetry (ADRIANO) 
( ) ( )

SC

SCCCSS
HCAL

EEE
ηη

ηηηη
−

−⋅⋅−−⋅⋅
=

11

Use glass for Cerenkov component – WLS fiber readout

2011 – Series of 
prototypes 
tested at FTBF

2014 –
example of 
23 groove 
prototype

2015 Program: ADRIANO for  ILC (SiD)

Scifi ribbon built on 100% 
cotton paper (no acid) Grooved lead glass slices

more than adequate for 25-30%/sqrt(E) calorimetry

Nov. 2015 
test Beam 

at Fermilab

C. Gatto



ADRIANO – Performance simulations A. Mazzacane

Energy 
resolution 
with triple 
readout

Add Pb layers to reduce λint



Muon system – position resolution

Motivation

Test setup with reference counter/PMTs

S. Lukic
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