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Outline

• Detector technology overview

• Common issues

• DBD structure 

• Readiness criteria

• Future plans
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Calorimeter technology tree

• ILD, SiD
• ILC, CLIC
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Test beam experiments

DESY 2005
SiECAL

CERN 2006-2007
add Scint HCAL

FNAL 2008-09
Si -> Sci ECAL
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Test beam experiments 2010+

Mathias Reinecke |  CALICE meeting Casablanca  |  Sept. 23rd, 2010  |  Page 3

DESY Testbeam Setup � HBU_II

Pedestal

MIP Peak

Pixels!

> DESY 6GeV electron Testbeam operation: Setup optimization, 
Channel-wise calibration with MIPs: Mark Terwort

> Integrated LED System, uniformity studies / optimiz.:  U. Wuppertal

DESY
2nd generation 

scint HCAL 

CERN 
2010-11
W abs.
AHCAL

2012:
DHCAL 

FNAL2010-11:
 Scint AHCAL → RPC DHCAL
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2012: m3 SDHCAL
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Summary of data taken

• Muon, LED and noise runs not included
• event size ~ 50kB -> 20 TB of physics data on the GRID
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2012: 
W-DHCAL
Fe-SDHCAL 
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PFLOW with test beam data

• The “double-track resolution” of an imaging calorimeter 
• Small occupancy: use of event mixing technique possible
• test resolution degradation if second particle comes closer
• Important: agreement data - simulation
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Particle Flow with test beam data

Test MC models with important particle flow analysis!

Method:

Take 2 pion events and 
map them to ILD 
geometry

Assume one is neutral

Vary distance between 
the 2 pions and test 
how well the energy 
of neutral hadron is 
reconstructed

30 GeV charged 
hadron

10 GeV 'neutral' 
hadron

~18 cm separation 
of shower

~7 cm separation 
of shower

6 CALORIMETRY
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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.
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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,

124

10 GeV neutral +

Si W ECAL & Scint HCAL 

JINST 6 (2011) P07005

http://iopscience.iop.org/1748-0221/6/07/P07005
http://iopscience.iop.org/1748-0221/6/07/P07005
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DHCAL first results: pions

��Standard pion selection
+ No hits in last two layers

32 GeV data point is not 
included in the fit.

CALICE PreliminaryCALICE Preliminary

DHCAL Response To Hadrons (Oct '10 Data – Pion ID)
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B. Bilki et.al. JINST4 B. Bilki et.al. JINST4 
P10008, 2009.P10008, 2009.

MC predictions for a large-size 
DHCAL based on the small-size 
prototype results.
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Technological demonstrators

• Solutions found, tests started, different status
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SIGNALInput

POWERInput

digital data bus
clocks

180mm

60mm

Sp2b1

Sp2b3

Sp2b2

Sp2b4

Channels 109..144

Channels 37..72

Channels 1..36

Chann
el 1

Chann
el 109

Chann
el 144

Chann
el 36

Channels 73..108

Sp2b1: Channels 91:108, 127:144Sp2b2: Channels 73:90, 109:126Sp2b3: Channels 19:36, 55:72Sp2b4: Channels 1:18, 37:54
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New HCAL Base Unit (HBU2)

4 new HBUs in DESY lab

 → 70 channels equipped with 
scintillator tiles, LEDs, SiPM 
readout, 4 ASICs

1 HBU2 connected to DAQ 
modules for first tests

 → so far fully functioning!

1 HBU2 in DESY test beam

We ordered 6 new HBU2s for 
full slab test:

 → Quality of electrical signals

 → Mechanics, temperature

 → DAQ

Build small stack with ~10 
layers, 1 HBU each?

  

Si ECAL Scint ECAL

SDHCAL
AHCAL
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ASICs for ILC prototypes

SPIROC2
Analog HCAL (AHCAL)
(SiPM)
36 ch. 32mm²
June 07, June 08, March 10

HARDROC2 and MICROROC
Digital HCAL (DHCAL)
(RPC, µmegas or GEMs)
64 ch. 16mm²
Sept 06, June 08, March 10

SKIROC2
ECAL
(Si PIN diode)
64 ch. 70mm²
March 10

q 1st  generation ASICs: FLC-PHY3 and 
FLC_SiPM (2003) for physics prototypes

q 2nd generation ASICs: ROC chips for 
technological prototypes
ü Address integration issues 
ü Auto-trigger, analog storage, 

internal digitization and token-ring 
readout 

ü Include power pulsing : <1 % duty 
cycle

ü Optimize commonalities within 
CALICE  (readout, DAQ…)

q 3rd generation ASICs (AIDA funded):
ü Independent channels to perform Zero 

suppress

April 2012
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Alternatives

• MAPS DECAL
• GEM DHCAL
• Micromegas SDHCAL
• ongoing beam tests
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e�ciency measurements. Data were recorded with the 1–5 GeV electron beam, using a682

configuration in which four TPAC 1.2 sensors were aligned precisely along the beam direction683

using the same custom-built mechanical frame as at CERN. Absorber material (W, Fe, Cu)684

was placed downstream of these, followed immediately by a further pair of TPAC sensors, to685

study the shower density.686

To complement the DESY run, similar, additional data was recorded at CERN in Sep. 2010,687

using the EUDET telescope alone as it has finer pitch than the TPAC sensor, with positrons688

between 10 and 100 GeV. Similar absorber materials and thicknesses to those at DESY were689

used. Analysis of these data is ongoing, with the aim of having first results to present at690

TIPP’11 in June.691

5.2 Pixel e�ciency results692

The studies of pixel e�ciency from CERN 2009 testbeam and DESY were performed using a693

set of six TPAC 1.2 sensors aligned along the beam direction, in which the outer four sensors694

served as a beam telescope, while the two innermost sensors were considered as the devices695

under test. The trajectory of the beam particle was projected onto the plane of both of these696

pixels, and each pixel of the test sensors was examined for the presence of hits as a function697

of the distance from the projected track. The MIP hit e�ciency was determined by fitting698

the distribution of hit probability to a flat top function, convoluted with a gaussion of the699

appropriate resolution to allow for finite tracking performance. This e�ciency, folded for all700

pixels together, is illustrated in Figure 12.701

Figure 12: (left) Distribution of the probability of a pixel registering a hit in response to a

MIP, as a function of distance to the projected track, and (right) MIP e�ciency as a function

of the sensor digital threshold, for all four sensor variants studied.

The MIP e�ciency was determined per pixel for both the DESY and CERN data, and for702

each of the four pixel variants tested. The variants (and corresponding marker colour in703

Figure 12) are:704

1. (red) in 12µm standard (non-INMAPS) CMOS;705

2. (black) 12µm deep P-well CMOS;706

22

π: 60 GeV
after ~ 5 λint

π: 180 GeV
after ~ 5 λint
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Technologies

• High granularity needs spur the use of novel detection 
techniques in calorimetry
– Si pads at large scale, SiPMs, pad RPCs, MPGDs
– ultra-low power mixed-circuit ASICs are key

• All major technologies have undergone or are undergoing 
extensive full-scale beam tests

• Si W ECAL and Sci Fe AHCAL analysis nearly complete
• Analysis of the more recent tests has just begun, but all 

results so far are encouraging and confirm the expectation 

• Technological demonstrators of scalable systems start to 
provide first results

• No show stoppers seen, but more tests are necessary 

12



MC

Status Report to ECFA-DP Felix Sefkow     Hamburg, May 2, 2012 

Structure of the DBD

• Extended common calorimeter section (in ILD part) 
– PFA implications on calo design (granularity), roles of ECAL, HCAL
– ECAL and HCAL system and technology overview 

• explain AHCAL SDHCAL, T and V structure compatibility 
• mention alternatives

– challenges from high granularity: electronics and integration, 
readout and DAQ architecture, example ROC schematics

– explain how results support each other, e.g. power pulsing
– overview of test beam campaigns, common results (2 particle) 

• Si ECAL, Scint ECAL

• AHCAL, SDHCAL

13
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Readiness criteria

• Internal document ready, plan to make public before DBD to IDAG
• incomplete; remains valid after DBD

– e.g.: which features are needed in simulation for reproduction of data
– hope for some key answers in 2012, but tough

• goal: compare energy and topological performance of candidate 
technologies for different energy and detector regions
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The multi-TeV range poses its own challenges in terms of detector density and speed. Tungsten as an absorber
material is being explored with scintillator as active medium, tests with gas are aimed at and technically possible in
2012.

In view of the timeline of the ILC technical design report and detector baseline documents, we expect to reach the
most important goals:

• Studies of performance, and comparisons with Geant 4 simulations, of physics prototypes for four major tech-
nologies, the silicon and scintillator ECAL, and the scintillator and gas HCAL. All relevant ECAL HCAL
combinations have been tested together in joint set-ups.

• A large scale system test of second generation gaseous HCAL with power-pulsed electronics, and an experimen-
tal test of the semi-digital method for an RPC HCAL.

• Demonstrator tests, at least at single layer or single slab level, of the electronics integration concept for scalable
prototypes of silicon and scintillator ECAL and scintillator HCAL, as well as HCALs with alternative gaseous
readout (GEMs, micromegas)

In 2012, the detector concept groups ILD and SiD are asked to establish baseline technologies for the different sub-
detectors. Studies of the overall physics performance, e.g. in conjunction with the tracking systems, or the integration
into the overall detector engineering concept are beyond the scope of the CALICE program and need to be addressed
in the context of the individual concepts. Based on the expected results above, CALICE foresees an assessment of
the readiness of the different options on the technological level, and in matters of generic calorimetry. A number of
criteria will be evaluated:

• Established performance: energy resolution, linearity, uniformity, two particle separation

• Validated simulation: longitudinal and transverse shower profiles, response, linearity and resolution, for elec-
trons and hadrons

• Operational experience: dead channels, noise, stability, monitoring and calibration

• Scalable technology solutions: power and heat reduction, low volume interfaces, data reduction, mechanical
structures, dead spaces, services and supplies

• Open R&D issues: analysis and R&D to be completed before a first pre/production prototype can be built, cost
reduction and industrialization issues

We expect that, due to resource limitations, not for all issues and all technologies the information will be as complete
as might be desirable and as was the goal after the LOI. Therefore, a consensual assessment of the open issues is
essential for the formulation of a coherent R&D program for the time after 2012.

In order to further proceed towards realistic detector proposals, the prototypes presently under construction should
be extended to full module scale. The integrated electronics and associated heat dissipation, but also the on-detector
zero suppression represent operational challenges which go beyond that of the first generation detectors, and perfor-
mance must be re-established at large scale, including new monitoring and correction procedures. In addition, each of
them offers added physics value for the study of hadronic showers and their reconstruction:

• The ECAL will have four times finer segmentation.

• The AHCAL has time-resolving electronics for the study of shower evolution in time and suppression of delayed
neutron response.

• The SDHCAL combines fine segmentation with some amplitude information and should continue to take data
with different absorbers, and in combination with the new ECAL.

– 63 –
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Future plans

• We must fully exploit the existing prototypes
– more data taking after LS1

• We must fully exploit the existing data
– physics analysis is involved, but rewarding

• We must proceed from single or few layer demonstrators to 
full-scale tests of the integration concepts

• New physics possibilities: 4x finer ECAL, timing in AHCAL 

• There is lots to do on system level - powering, cooling, data 
concentration - before we can proceed to pre-production 
prototypes (module 0) 
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Containment – use of Tail Catcher

5ECFA detector R&D Panel Analysis Results 

v Tail catcher gives us information 
about tails of hadronic showers.

v Use ECAL+HCAL+TCMT to emulate 
the effect of coil by omitting layers 
in software, assuming shower after 
coil can be sampled.  

v Significant improvement in 
resolution, especially at higher 
energies.

arxiv:1201.1653 (accepted by JIN
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