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Outline:

!
!

• Big picture: status of calorimeter development 
!

• Previous EU projects EUDET and AIDA 
!

• Upcoming topics 
!

• General remarks
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First phase: PFLOW validation 

• Physics prototypes: new technologies proof of principle  
• Validate detector understanding, shower models, 

algorithms 
!

• 7 years of test beam: 2006-2012, DESY, CERN, Fermilab 
!

• Status of analyses corresponds to time since data taking 
– Si ECAL, scintillator HCAL almost completed and published, still 

more on the way 
– gaseous HCALs in full swing, prelim. results on performance, 

validation of simulation and algorithms still to come 
!

• Need to support analyses: common software framework 
for test beam and detector concepts 
!

• Need continued Geant 4 support 
– e.g. unique shower decomposition tools 
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2013: 

4 journal papers 

7 preliminaries
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Fig. 6.11: ECAL plus AHCAL combined resolution for pions. The upper curve represents the resolu-
tion obtained with a single weight factor for each of the calorimeters, while the lower reflects a simple
software compensation approach and uses weights for the hits that depend on the hit amplitude and on
the total measured shower energy.
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Figure 4. RMS (left) and RMS90 (right) deviations of the recovered energy of neutral 10 GeV hadrons
from its measured energy vs. the distance from charged 10 GeV (circles and continuous lines) and 30 GeV
(triangles and dashed lines) hadrons for beam data (black) and for Monte Carlo simulated data, for both
LHEP (red) and QGSP_BERT (green) physics lists.

Distance between shower axes [mm]
0 50 100 150 200 250 300

σ
Pr

ob
ab

ilit
y 

of
 re

co
ve

rin
g 

w
ith

in
 3

0

0.2

0.4

0.6

0.8

1

10-GeV track
CALICE data
LHEP
QGSP_BERT

CALICE

30-GeV track
CALICE data
LHEP
QGSP_BERT

CALICE

Distance between shower axes [mm]
0 50 100 150 200 250 300

σ
Pr

ob
ab

ilit
y 

of
 re

co
ve

rin
g 

w
ith

in
 2

0

0.2

0.4

0.6

0.8

1

10-GeV track
CALICE data
LHEP
QGSP_BERT

CALICE

30-GeV track
CALICE data
LHEP
QGSP_BERT

CALICE

Figure 5. Probability of neutral 10 GeV hadrons energy recovering within 3 (left) and 2 (right) standard
deviations from its real energy vs. the distance from charged 10 GeV (circles and continuous lines) and
30 GeV (triangles and dashed lines) hadrons for beam data (black) and for Monte Carlo simulated data, for
both LHEP (red) and QGSP_BERT (green) physics lists.

This results in a smaller probability of neutral hadron energy recovery for small neutral hadron
energy (see right plot in figure 6).

– 9 –

Fig. 6.12: Probability of separating hadron showers: The figure shows the degradation of neutral particle
resolution, expressed in terms of the probability to reconstruct the energy within 3 s of its calorimetric
resolution, as a function of transverse separation from a second shower induced by a charged hadron.

6.3.3.2 AHCAL Test Beam Results using Tungsten Absorbers
To test the energy resolution and timing performance of a tungsten-scintillator combination calorimeter,
and to validate the corresponding simulation model, a 30-layer (3.9 lI) AHCAL module was constructed
and exposed to beam at CERN in 2010. The scintillator tile and readout layers are the same as used by
CALICE for a number of earlier tests with steel absorber plates. Figure 6.13 shows the experimental
setup and an example of a pion candidate shower in the calorimeter stack.

High statistics event samples were recorded for electron, muon, pion, and proton beams with
energies from 1 to 10 GeV. Gain calibration was obtained from low intensity LED-pulser runs and the
results agree well with previous calibration from runs at Fermilab. MIP calibration was carried out using
a muon beam. Examples of calorimeter responses to muons and pions are shown in Figure 6.14.

Preliminary results indicate that the electromagnetic resolution is slightly worse than for steel,
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Technological prototypes

• Electronics integration, power pulsing 
• Compact design: absorbers and PCBs 
• Scalability  
!

• Integration solutions exist 
• Components were prototyped 
• Si ECAL, scintillator HCAL: small set-ups 

tested, <10 small layers 
• Gas HCAL: the only large 2nd gen 

prototype 
• None addresses all integration issues yet 
• Funding limited

!4
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EUDET 2006-2010

• Kick-started technological prototype phase in 2006 
• JRA3: ECAL, HCAL, FCAL, electronics and DAQ 
• Absorbers: Tungsten for ECAL, steel for AHCAL 
• ASICs for ECAL, AHCAL and sDHCAL 
• read-out units, DAQ 
• Geant 4 support

!5
5

EUDET Annual Meeting 2010 - SiW Ecal 

EUDET Prototype

 Logical continuation to the physical prototype study which validated the 
main concepts : alveolar structure , slabs, gluing of wafers, integration

 Techno. Proto : study and validation of most of technological solutions wich 
could be used for the final detector (moulding process, cooling system, 
wide size structures,…)

 Taking into account industrialization aspect of process
 First cost estimation of one module

Short detector 
slabs (×14)

3×15 cellsTechnological 

prototype 

Complete Tower
of 4 wafers = 18×18 cm2

Long detector slab (1)

Short detector 
slabs (×14)

• 3 structures : 24 X0

 (10×1,4mm + 10×2,8mm + 
10×4,2mm)
• sizes :  380×380×200 mm3 
• Thickness of slabs : 8.3 mm 
(W=1,4mm)
• VFE outside detector
• Number of channels : 9720 (10×10 
mm2)
• Weight : ~ 200 Kg

• 1 structure : ~ 23 X0

 (20×2,1mm + 9×4,2mm)
• sizes :  1560×545×186 mm3 
• Thickness of slabs : 6 mm 
(W=2,1mm)
• VFE inside detector
• Number of channels : 45360 
(5×5 mm2)
• Weight : ~ 700 Kg

First SLAB prototype (01/07/09)

Detector InterFace

Adapter Board (dev)

FEV7_CIP

Calice Collaboration Meeting Feb. 2009
8

1300m
m

         Assembly of Demonstrator 

- Detector module realised (from mechanical point of view)

- Demonstrator subject to a thermal test 

2006

2006

2010 2010
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AIDA 2011-2014

• AIDA strongly based on EUDET legacy 
• 3rd generation ASIC for sDHCAL  
• Compact electronics interfaces 
• First steps into technological prototype, see 

previous slides 
• Test beam infrastructure: tungsten stack and gas 

system 
– tungsten not in EU funded part 

• Smaller projects, e.g. SiPM gain stabilisation  
• Geant 4 validation 

!6

april '13 - AIDA wp 9.5" E. vd Kraaij, on behalf of CERN LCD" 4"

Imaging calorimetry – digital HCAL"

"
Test beams in 2012:"
•  PS T9: "   2 weeks in May"
•  SPS H8:  2 + 1 + 1 weeks in 

June, August & November. "
!
!
!
!

/ 19"

At SPS –!
210 GeV pion event display"
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EUDET → AIDA

!
• AIDA had more partners and less money 
!

• Calo in EUDET: 2 M€ (incl. FCAL and DAQ) 
• Calo in AIDA: 0.75 M€ (incl. FCAL) 
!

• Impact is directly proportional to investment  
!

• AIDA lives on EUDET legacy and national funding  
– large test beams with existing instrumentation  
!

• Common DAQ suffers from too broad scope 
– “EUDAQ” driven by telescopes for everyone incl. LHC 
– Focus of EUDET effort lost before development completed

!7
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Upcoming topics and needs

• The technological prototype phase has only started 
• We have prototyped the components 
• Now need to assemble systems, with many of them 
• Demonstration that we can handle the large numbers at 

reasonable cost and time: part of establishing high granularity  
• The topics: 

– system integration, data concentration, power distribution, cooling  
– cost optimisation: e.g. Si sensors, PCBs 
– industrialisation, automation 
– quality assurance, test stands 
– ASIC technology 

• The needs:  
– prototypes: data concentrators, power supplies, cooling systems 
– cooperation with industry 
– robots, test stands - small scale prototypes, but scalable 
– ASIC upgrade

!8
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Examples

!9

CALICE Meeting   Annecy 09 / 2013 Konrad Briggl, Rene Hagdorn

Status of the LTT Prototype
● Movement and measurement fully automatized

● Synchronization between positioning and 

measurement working

● Electronic noise levels as expected

● Stable Alignment of Readout head to pins on tile palette

       → ready for first dark spectra measurements

To do:

– Validate stable electric connectivity

– Optical fibers to be reattached and optimized for 
uniformity

– System for reading QR codes of tiles.

– Scripts for parsing initial database informations 
(e.g. Tile ID from QR code)

LCWS conference – Nov. 2013 - Tokyo – remi.cornat@in2p3.fr 15 

 
Developing a leak-less water cooling system 

 Total ECAL power dissipation O(10 kW)  
Needs active cooling system (cold water pipe + radiator) 
Limits: temperature differences within ECAL    
 heat transfer to neighboring detectors 
                  integration 

 

Cooling tests in demonstrator module 
Thermal simulations of detector modules 

Copper plate – heat exchanger interface 

LCWS conference – Nov. 2013 - Tokyo – remi.cornat@in2p3.fr 18 

Assembly of first SLABs 

Gluing and positioning robot 
 
Process is well under control  

First approach of an assembly procedure 
toward automation and industrialization 

LCWS conference – Nov. 2013 - Tokyo – remi.cornat@in2p3.fr 7 

Detector slab : “extreme” design 
Compact assembly of 2 layers of 1 to 8 Active Sensor Units (ASU) 
 
1 ASU = 1 kapton (HV bias for PIN diodes) 
            + 1 layer PIN diodes 
            + 1 PCB with microchips embeded (bonded at CERN) 
            + 1 thermal drain (copper) 
 
PCB is critical : 1.2 mm tick, 8 layers, chips bounded into 
100 µm flatness targeted 
(500 µ obtained: issue for gluing sensors) 
 
Board exists and partly 
tested (pedestals). 
 
R&D task to be continued 

Short version 

25/09/2013 ILD 2013, Krakow, Poland 3

Large GRPC for ILD:

GRPC with a surface 
≤  3 m2 are needed.

We intend to build 
a 2m2 GRPC 
(glass are already there).

We are currently studying
the gas distribution system
to ensure a good gas 
renewal.   

2 m1 m

inlet

outlet

Finalize Baseline Detector : large GRPC
Chips on board

Si wafer  
glueing robot

ECAL leak-less  
cooling system

SiPM and tile  
test stand

AHCAL data  
concentrator

RPC gas  
distribution 
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Projects

!
• Discussion on concrete proposals has just started 

– AHCAL and electronics / DAQ meeting next week 
– will liaise with ECAL and sDHCAL 
!

• Need to see what matches the idea of infrastructure initiative 
!

• Need to improve existing (EUDET + AIDA) infrastructure 
!

• Example from German AHCAL groups:  
• support for instrumentation of the stack  

– ASICs, ASIC test stand, HBU production, module integration  
– HD, MZ, W, DESY

!10
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CALICE and ILD, SiD

• We continue seeking close co-ordination - also in preparation of next EU 
proposals 
!

• Common DAQ:  
• we certainly need common standards - timing and run protocols, data models, 

software interfaces - across the calorimeters for combined tests 
• could start from there, but should encompass other sub-detectors - vertexing, 

tracking, muon - from an early stage on 
• in Europe naturally organised with strong role of ILD 
• from CALICE perspective should be open to SiD players, too  
!

• Mechanics / Engineering: 
• upcoming integration topics such as earth-quake safety need to be dealt with in 

concept group context  
!

• Common software: 
• mentioned above: test beam validation and detector performance / optimisation

!11

Personal view:  

could be strong point 

 of next proposal
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Discussion

• CALICE is definitely interested in an AIDA follow-up 
• Co-operation with other communities / LHC has pros and cons 

– DAQ: loss of focus, gas HCAL: synergies with CMS upgrade 
• Problem of AIDA is not so much the mixture, but the volume  
!

• Stronger focus on smaller number of projects welcome, but 
need to be found and agreed upon 
!

• CALICE is looking forward to embed future EU-funded projects, 
following the successful model of EUDET and AIDA 
!

• We wish to continue our fruitful cooperation with non-European 
partners in all regions, EU-funded or not

!12


